10/518115 

•yp^j^'u mim 1 4 dec 2004 



APPLICATION FOR 
UNITED STATES LETTERS PATENT 
SPECIFICATION 



Inventor (s): Tsuyoshi KOIKE and Hiroshi MIYAGI 



Title of the Invention: LOW FREQUENCY ATTENUATION CIRCUIT 



iO/518115 

0J12Rec'dPCT/FTQ 1 4 DEC 2004 



DESCRIPTION 
Low Frecyuencv A-btenuation Circuit: 

5 Technical Field 

The present invention relates to a low frequency 
attenuation circuit for attenuating the low frequency 
components of an AM/FM detected signal and a radio 
receiver . 

10 

Background Art 

A radio receiver for receiving AM broadcast waves 
usually comprises a low frequency attenuation circuit 
(AM low-cut circuit) for attenuating frequency 

15 components of approximately lOOHz or less of an AM 
detected signal. 

Fig. 1 shows the configuration of a radio receiver 
with an existing low frequency attenuation circuit. 
Here, an FM/AM radio receiver capable of receiving both 

20 FM and AM broadcast waves as one example of a radio 
receiver. 

An FM signal is received by an FM front-end circuit 
1, amplified by an IF amplifier 2 and FM-detected by 
an FM detection circuit 3. Then, after the direct 
25 current (DC) component of this FM detected signal is 
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cut by a capacitor 4 and the FM detected signal is 
outputted to a speaker 6. The FM detected signal is 
stereo-demodulated by a stereo demodulation unit 5. 

An AM signal is received by an AM front-end circuit 
5 11, amplified by an IF amplifier 12 and AM-detected by 
an AM detection circuit 13. Then, after the low 
frequency component (such as components of lOOHz or 
less) of this AM detected signal is cut by a low frequency 
attenuation circuit 14 and the FM detected signal is 

10 outputted to the speaker 6. 

Fig. 2A is one circuit diagram of the low frequency 
attenuation circuit 14 . The low frequency attenuation 
circuit 14 comprises an Op amplifier 21, resistors R1-R3 
and a capacitor C. The output of the AM detection 

15 circuit 13 is supplied to the inversion input terminal 
of the amplifier 21 via the resistor Rl, and also 
supplied to the non-inversion input terminal of the OP 
amplifier 21 via the resistor R2 . In this case, the 
non-inversion input terminal of the OP amplifier 21 is 

20 grounded via the capacitor C. The output of the OP 
amplifier 21 is fed back to the inversion input terminal 
of the amplifier 21 via the resistor R3. 

The low frequency attenuation circuit 14 with the 
above-mentioned configuration operates in a state shown 

25 in Fig. 2B for high frequency component. Specifically, 
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since the impedance of the capacitor C is low for high 
frequency component, the non-inversion input terminal 
of the OP amplifier 21 is grounded. Therefore, the 
amplitude of an output signal Vout is proportional to 
5 that of an input signal Vin. 

However, the low frequency attenuation circuit 14 
operates in a state shown in Fig. 2C for low frequency 
component. Specifically, in a case of resistor Rl 
equals to = resistor R2, to the non-inversion input 

10 terminal of the OP amplifier 21, a signal with the same 
phase as its inversion input terminal is inputted. 
Therefore, in this case, the amplitude of the output 
signal Vout becomes small. 

As described above, the low frequency attenuation 

15 circuit 14 passes high frequency component and 
attenuates low frequency component. 

Generally, a small-size and low-cost radio 
receiver is required. More specifically, an integrated 
(finally one-chip) receiving circuit is required. 

20 However, in order to attenuate frequency 

component of approximately lOOHz or less by the low 
frequency attenuation circuit 14 shown in Fig. 2A, the 
capacitor C must be large. In this case, the capacitor 
C cannot be formed in an integrated circuit (IC) , and 

25 must be attached as a so-called ^^external component". 
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As a result, the mounting area of the low frequency 
attenuation circuit 14 becomes large, and cost reduction 
cannot be achieved. 

5 Disclosure of lnvent:±on 

An object of the present invention is to realize 
a small low frequency attenuation circuit for 
attenuating the low frequency component of AM/FM 
detected signals. 

10 The low frequency attenuation circuit of the 

present invention is use in an FM/AM radio receiver. 
The low frequency attenuation circuit comprises a first 
switch for selecting an FM detected signal or AM detected 
signal; a capacitor provided on the output side of the 

15 first switch; a plurality of resistors provided on the 
output side of the first switch; and a second switch 
constituting a high-pass filter for the AM detected 
signal using a resistor selected from the plurality of 
resistors and the capacitor when the first switch 

20 selects the AM detected signal. In this case, the first 
switch, the plurality of resistors and the second switch 
may be formed in one IC. 

In the low frequency attenuation circuit, the 
capacitor is used both to cut the DC component of the 

25 FM detected signal and to attenuate the low frequency 
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component of the AM detected component. Accordingly, 
there is no need to provide a capacitor only used to 
attenuate the low frequency component of the AM detected 
signal. As a result, small circuit scale, circuit 
5 integration and cost reduction of a radio receiver can 
be realized. 

The cut-off frequency of the high-pass filter for 
the AM detected signal can be adjusted by selecting an 
appropriate resistor from the plurality of resistors. 
10 Accordingly, a desired frequency component can be easily 
attenuated. 

If the FM/AM radio receiver comprises a high 
frequency attenuation circuit for attenuating the 
high-frequency component of a detected signal, the 

15 second switch may select a resistor among the plurality 
of resistors, based on the operation of the high 
frequency attenuation circuit. By linking the low 
frequency attenuation operation with the high frequency 
operation, suitable hearing sense can be easily 

20 obtained. 

The present invention can be configured so as no 
only to attenuate the low frequency component of an AM 
detected signal but also to attenuate the low frequency 
component of an FM detected signal. 
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Br±e£ Descrlp'blon o£ Drawings 

Fig. 1 shows one radio receiver provided with an 
existing low frequency attenuation circuit. 

Figs. 2A through 2C explain the configuration and 
5 operation of the existing low frequency attenuation 
circuit . 

Fig. 3 shows the configuration of the low 
frequency attenuation circuit of the embodiment. 

Fig. 4 shows the characteristic of the high-pass 
10 filter of the embodiment. 

Fig. 5 shows the configuration of a receiver 
provided with a low frequency attenuation function and 
a high frequency attenuation function. 

Fig. 6 explains the control of the low frequency 
15 attenuation function and high frequency attenuation 
function. 

Fig. 7 shows another embodiment of the resistor 
circuit. 

Fig. 8 shows the configuration of the low 
20 frequency attenuation circuit of another embodiment. 

Bes't Mode for Carrying out, 'bhe Invention 

The embodiments of the present invention are 
described below with reference to the drawings. 
25 Fig. 3 shows the configuration of the low 



7 

frequency attenuation circuit of the embodiment. This 
low frequency attenuation circuit is used to attenuate 
the low frequency component of an AM detected signal 
in an FM/AM radio receiver. 
5 In Fig. 3, an FM/AM switch (first switch) 31 

selects either an FM detected signal outputted from an 
FM detection circuit 3 or an AM detected signal outputted 
from an AM detection circuit 13 according to an 
instruction from a user. In this case, the FM detection 
10 circuit 3 and AM detection circuit 13 correspond to the 
FM detection circuit 3 and AM detection circuit 13 shown 
in Fig. 1, respectively, which can be realized by the 
prior art. 

A capacitor 4 is provided on the output side of 
15 the FM/AM switch 31, and cuts the DC component of a signal 
selected by the FM/AM switch 31. This capacitor 4 
corresponds to the capacitor 4 shown in Fig. 1 provided 
to cut the DC component of the FM detected signal. 

An FM/AM switch 32 guides a signal that passes 
20 though the capacitor 4, to a speaker according to an 
instruction from the user. When the FM/7^ switch 31 
selects the FM detected signal, the FM/AM switch 32 
guides the signal that passes though the capacitor 4 
to a stereo demodulation unit 5. When the FM/AM switch 
25 31 selects the AM detected signal, the FM/AM switch 32 
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guides the signal that passes though the capacitor 4 
to the speaker 6. 

The resistors Ra, Rb and Rc are different from each 
other, and the resistors are electrically connected to 
5 a path for outputting the AM detected signal that passes 
through the capacitor 4. A low-cut frequency switch 
(second switch) 33 selects a corresponding resistor from 
the resistors Ra through Rc according to a control signal 
generated by a control circuit 34, and AC-grounds the 

10 resistor. When the low-cut frequency switch 33 selects 
no resistor, that is, constitutes no high-pass filter 
composed of the capacitor and the resistor, the switch 
33 selects ^^open". The control circuit34 may be 
realized by, for example, a microcomputer . Furthermore, 

15 as shown in Fig. 3, the control signal for selecting 
a desired resistor from the three resistors may be 
realized, for example, by two-bit data. Although in Fig. 
3, three resistors (Ra-Rc) are provided, the number of 
resistors is not limited to three, and may be two or 

20 may be four or more. 

In a radio receiver provided with the low 
frequency attenuation circuit, if a user selects ^^FM", 
the FM/AM switch 31 selects an FM detected signal 
outputted from the FM detection circuit 3, and the FM/AM 

25 switch 32 guides the signal that passes through the 
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capacitor 4 to the stereo demodulation unit 5. In this 
case, the capacitor 4 operates as a DC cut condenser 
to cut DC component from the FM detected signal. Here, 
the status of the low-cut frequency switch 33 is not 
5 limited. 

On the other hand, if a user selects '"AM", the 
FM/AM switch 31 selects an AM detected signal outputted 
from the AM detection circuit 13, and the FM/AM switch 
32 guides the signal that passes through the capacitor 

10 4 to the speaker 6. The low-cut frequency switch 33 
selects a resistor from among the resistors Ra through 
Rc according to the control signal from the control 
circuit 34. Thus, a high-pass filter is constituted by 
the capacitor 4 and the selected resistor. 

15 Specifically, if the resistor Ra is selected, a 
high-pass filter composed of the capacitor 4 and the 
resistor Ra is formed. If the resistor Rc is selected, 
a high-pass filter composed of the capacitor 4 and the 
resistor Rc is formed. Then, this high-pass-filter 

20 attenuates the low frequency component of an AM detected 
signal . 

In a case where none of the resistors Ra through 
Rc is selected, DC component of the AM detected signal 
is cut only by the capacitor 4, similar to the case of 
25 FM detected signal. 
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Fig. 4 shows the characteristic of the 
above-mentioned high-pass filter. Characteristics ^^a", 
^^b" and ^^c" shown in Fig. 4 represent the respective 
filter characteristics when resistors Ra, Rb and Rc is 
5 selected, respectively. As described above, the 
characteristic of a high-pass filter (in this case^ 
cut-off frequency or low -cut frequency) can be adjusted 
by appropriately selecting a resistor. 

The characteristic of a high-pass filter is 

10 adjusted as follows . It is known that in an AM receiver, 
hearing sense can be improved by attenuating a component 
of a frequency band lower than a prescribed frequency 
(such as approximately lOOHz) . Therefore, in the low 
frequency attenuation circuit of the present invention, 

15 an appropriate resistor is selected from the resistors 
Ra through Rc in such a way that the cut-off frequency 
of the high-pass filter may become approximately the 
prescribed frequency . 

In this case, if the cut-off frequency is fixed, 

20 there is no need to prepare a plurality of resistors 
(Ra-Rc) , and a suitable hearing sense will be obtained 
by providing a resistor corresponding to the cut-off 
frequency in advance. However, a cut-off frequency by 
which an optimal hearing sense is obtained cannot be 

25 fixed. due to the different characteristics of a variety 
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of elements constituting a radio receiver. Therefore, 
it is preferable to adjust the cut-off frequency of the 
high-pass filter before the shipment of each radio 
receiver . 

5 For example, if in Fig. 4 it is assumed that a 

cut-off frequency by which an optimal hearing sense can 
be obtained is ^^x", the control circuit 34 transmits 
a control signal indicating that resistor Rb must be 
selected in order to obtain characteristic ^'b'', to the 

10 low-cut frequency switch 33. In this example, 
characteristic ^^b" indicates a characteristic that an 
input signal is attenuated by a prescribed amount (for 
example, 3dB) at frequency x. If a cut-off frequency 
by which an optimal hearing sense can be obtained is 

15 ^^y", the control circuit 34 transmits a control signal 
indicating that resistor Rc must be selected in order 
to obtain characteristic ^^c", to the low-cut frequency 
switch 33. In this example, characteristic ^'c" 
indicates a characteristic that an input signal is 

20 attenuated by a prescribed amount (for example, 3dB) 
at frequency y. 

A radio receiver is generally provided with not 
only a function to attenuate the low frequency component 
of a detected signal (low frequency attenuation circuit 

25 41) but also a function to attenuate its high frequency 
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component (high frequency attenuation circuit 42) , as 
shown in Fig. 5. In this case, the low frequency 
attenuation circuit 41 corresponds to the high-pass 
filter described with reference to Fig. 3. The high 
5 frequency attenuation circuit 42 corresponds to, for 
example, a low-pass filter and is a circuit for 
attenuating the high frequency component to improve 
hearing sense. 

In the radio receiver, the control circuit 34 may 

10 link the low frequency attenuation circuit 41 with the 
high frequency attenuation circuit 42 and control them. 
For example, in Fig. 6, if the cut-off frequency of the 
high frequency attenuation circuit 42 is set at a lower 
frequency (characteristic A) , the cut-off frequency of 

15 the low frequency attenuation circuit 41 is set at a 
higher frequency (characteristic c) . Similarly, if the 
cut-off frequency of the high frequency attenuation 
circuit 42 is set at a higher frequency (characteristic 
C) , the cut-off frequency of the low frequency 

20 attenuation circuit 41 is set at a lower frequency 
(characteristic a) . In this case, as described above, 
the cut-off frequency of the low frequency attenuation 
circuit 41 can be realized by controlling the status 
of the low-cut frequency switch 33. 

25 As described above, the low frequency attenuation 
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circuit of the embodiment can be realized by a high-pass 
filter composed of the capacitor 4 and resistors Ra 
through Rc. The FM/AM switches 31 and 32, the resistors 
Ra through Rc and low-cut frequency switch 33 can be 
5 formed in one IC. The capacitor 4 is not newly provided 
in order to attenuate the low frequency component of 
an AM detected signal and can be realized by using a 
capacitor for cutting the DC component of an FM detected 
signal. Therefore, according to the low frequency 

10 attenuation circuit of the embodiment, there is no need 
of a capacitor with a large capacity provided only to 
attenuate the low frequency component of the AM detected 
signal unlike the existing circuit shown in Fig. 2A. 
As a result, the number of ^'external components" in the 

15 radio receiver becomes small, and the number of the 
input /output pins of the IC is also reduced. Thus, a 
small radio receiver can be realized, and its cost 
reduction can also be realized. 

A cut-off frequency in the low frequency 

20 attenuation circuit can be adjusted by selecting an 
arbitrary resistor from a plurality of resistors, based 
on an instruction from a microcomputer or the like. In 
other words, a cut-off frequency can be adjusted inside 
the IC. As a result, a cut-off frequency can be easily 

25 adjusted. When the same adjustment is attempted in the 
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existing circuit shown in Fig. 2A, the size of the 
capacitor C must be changed and it is inconvenient. 

Although in the above-mentioned embodiment, one 
resistor is selected from a plurality of resistors, the 
5 present invention is not limited to this. Specifically/ 
for example, as shown in Fig. 7, one or more resistors 
may be selected from the plurality of resistors in a 
resistance circuit including a plurality of resistors 
connected in series. In the example shown in Fig. 1, 

10 resistors Ra and Rc are selected from resistors Ra 
through Rd. In this case, the resistance value of this 
resistance circuit is ^^Ra+Rc". 

Although in the above-mentioned embodiment, the 
low frequency attenuation circuit attenuates the low 

15 frequency component of an AM detected signal, the 
present is not limited to this. Specifically, the low 
frequency attenuation circuit of the present invention 
can also be used to attenuate the low frequent component 
of an FM detected signal. o 

20 Fig. 8 shows the configuration of the low 

frequency attenuation circuit capable of selectively 
attenuating the low frequency component of an AM or FM 
detected signal. In Figs. 3 and 8, the same reference 
numerals represent the same circuit element. 

25 In the low frequency attenuation circuit shown in 
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Fig. 8, resistors Ra through Rc are electrically 
connected to a path between the capacitor 4 and the FM/AM 
switch 32. Therefore, in this circuit, not only the low 
frequency component of an AM detected signal but also 
5 that of an FM detected signal can be attenuated. 
Specifically, if the FM/7^ switch 31 selects an FM 
detected signal and the low-cut frequency switch 33 
selects resistor Ra, the low frequency component of the 
FM detected signal is attenuated by a high-pass filter 

10 composed of the capacitor 4 and resistor Ra. If the 
FM/AM switch 31 selects an AM detected signal and the 
low-cut frequency switch 33 selects resistor Rc, the 
low frequency component of the AM detected signal is 
attenuated by a high-pass filter composed of the 

15 capacitor 4 and resistor Rc. 

A radio receiver is sometimes provided with a 
function to dynamically adjust a cut-off frequency for 
cutting the high frequency component according to the 
receiving level in FM reception. In such a case, 

20 hearing sense can be improved by dynamically switching 
resistors Ra through Rc according to the adjustment of 
a cut-off frequency for cutting the high frequency 
component. Specifically, if a cut-off frequency for 
cutting the high frequency component is set at a higher 

25 frequency, a resistor may be selected in such a way that 
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the cut-off frequency of the low frequency attenuation 
circuit is set at a lower frequency, accordingly. If 
a cut-off frequency for cutting the high frequency 
component is set at a lower frequency, a resistor may 
5 be selected in such a way that the cut-off frequency 
of the low frequency attenuation circuit is set at a 
higher frequency, accordingly. 

According to the present invention, in an FM/AM 
radio receiver, the low frequency component of an FM/AM 

10 detected signal can be attenuated using a capacitor 
provided to cut the DC component of an FM detected signal. 
Therefore, there is no need to provide a capacitor only 
to be used for 'attenuating the low frequency component 
of an FM/AM detected signal. As a result, small circuit 

15 scale, circuit integration and the cost reduction of 
a radio receiver can be realized. 



